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ABSTRACT

Virtual reality (VR) agents are increasingly being used in product introduction in VR
space. Research has shown that the design of moderately human-like VR agents
has a positive effect on the user’s impression evaluation. In our previous study,
we found that users have a more positive impression of product introduction by
computer graphics-animated (CG-animated) agents than robotic agents. However, we
argue that simply rejecting robotic agents when introducing products in VR space
is inappropriate, considering the merits of the effect of suppressing users’ service
expectations moderately and of increasing tolerance. Therefore, we explore the
potential of enhancing user impressions by incorporating CG-animated features into
robotic agents. Specifically, we focus on “face display” and “clothing” as important
human-like components and investigate the effect of these components on users’
evaluative impressions of robotic VR agents. In an experiment, participants evaluated
robotic VR agents under each condition based on human-like and friendly quality
impressions.
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INTRODUCTION

In product introduction in virtual reality (VR) spaces, VR agents are
increasingly interacting with users instead of humans. Research (Moon et al.,
2013) has shown that product introduction by VR agents effectively improves
users’ willingness to buy and their brand orientation toward the company.
Research (Gao et al., 2023) has shown that users’ liking of VR agents
contributes to their willingness to buy. These findings suggest the importance
of VR agent design that not only introduces VR agents but also takes into
account the impression they give to users. In this paper, we investigate
the effect of agent design in VR product introduction on users’ impression
evaluation.

To the best of our knowledge, few systematic studies have been conducted
on the evaluation of impressions of product introduction agents in VR
spaces. However, in the field of human-computer interaction, it is well
known that users expect human and social behaviors when they interact
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with computers. Specifically, researchers (Nass et al., 2000) have reported
that users expect social behaviors, such as politeness and reciprocity,
from computers. Researchers (Gong, 2008) have reported that the more
human-like the computer, the stronger the user’s social response. Even
in VR space, researchers (Song et al., 2024; Yousefi et al., 2024) have
confirmed that realistic human-like agents give users positive impressions
and induce pro-social behaviors in users. These findings suggest that the
design of VR agents that take on a human-like appearance may be an
important component in the evaluation of user impressions in product
introduction.

However, several researchers (MacDorman et al., 2006; Paiva et al., 2021;
Song et al., 2024) have shown that VR agents with an overly human-like
appearance may cause the uncanny valley phenomenon. Uncanny valley
refers to the phenomenon in which, when a robot or anthropomorphic
agent is extremely human-like, the slightest unnaturalness stands out and
the user’s impression evaluation declines. Therefore, we focus on the design
of a VR agent with moderate human-like qualities. Specifically, the target
agents are robotic VR agents classified as “Figure 02” (Open AI) and CG-
animated VR agents classified as “Unity-chan” (Unity). Researchers on
robotic agents (Doorn et al., 2017) have reported a moderately suppressive
effect on users’ service expectations and increased tolerance. By contrast,
researchers on CG-animated agents (Gao et al., 2023) have reported effects
on gaining user trust and eliciting social responses. In our previous study
(Inoue et al., 2024), we showed that an animated CG-animated agent made a
better impression than robotic agents in product introduction. However, we
argue that simply rejecting robotic agents when introducing products in VR
space is unsuitable, considering the merits of the effect of suppressing
users’ service expectations moderately and of increasing tolerance
(Doorn et al., 2017; Gao et al., 2023).

Figure 1: Aim to this paper.

In this paper, we investigate whether adding the appearance features
of a CG-animated agent to a robotic VR agent improves or degrades the
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user’s impression of the robotic VR agent. As specific appearance features,
we focus on “face display” and “clothing,” which are important elements
that constitute the human-like appearance of CG-animated agents, but are
not present in robotic agents. These are important biological and social
elements that constitute human-like qualities. Fig. 1 shows an example design
of the robotic VR agent with the elements added. The effect of face display
and clothing on the user’s impression of the robotic VR agent has not
been systematically investigated to date. Based on the above, we verify the
following hypotheses about the user’s impression of the robot VR agent’s
presence given face display or clothing.

H1: Improves the user’s impression of the robot VR agent’s human-like
qualities.

H2: Improves the user’s impression of the robot VR agent’s friendly
qualities.

Table 1: Six comparison condition combinations of face display and clothing.

Comparison
Condition

C1 C2 C3 C4 C5 C6

Face display Absence Absence Absence Presence Presence Presence
Clothing None Female Male None Female Male

Figure 2: Example of the robotic VR agent applying the comparison conditions.

EXPERIMENTAL DESIGN FOR SUBJECTIVE EVALUATION

The target product introduction is a one-to-one interaction between a robotic
VR agent and a user. The reason for this is to eliminate the influence of
the relationship between users on the subjective evaluation. In the following,
users are referred to as participants.
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Figure 3: Examples of stimuli in which the robotic VR agent introduces products.

Figure 4: Positional relationship between the participant, the product, and the robotic
VR agent.

Comparison Conditions and Examples of Robotic VR Agents

The six comparison conditions we use for the robotic VR agent in the
hypothesis verification are the combination of two face display conditions
(absent face and present face) and three clothing conditions (none, female
clothing, and male clothing). Table 1 shows the six comparison conditions.
Figure 2 shows an example of the robotic VR agent applying these
comparison conditions. We use the same face in C4, C5, and C6. We use
simple circles and simple curves to represent the eyes and mouth. We keep
facial expressions neutral. We set the sizes of the eyes and mouth, and the
positional relationship between the facial features, to be the same as those
of the CG-animated agent used in our previous study (Inoue et al., 2024).
We use the same clothing in comparison conditions C2 and C5, and C3
and C6. As clothing, we use uniforms for each gender because we consider
that all participants are likely to have worn these uniforms when they were
students or had seen them at least once. Under all comparison conditions,
the robotic VR agent bows and points to the product. The timing of the
gestures is identical under all comparison conditions. The gestures of the
robotic VR agent apply motion capture data from a real human. The product
that the VR robot agent introduces into VR space is a two-seater sofa.
Figure 3 shows examples of stimuli in which the robotic VR agent introduces
products under six comparison conditions. We obtained three-dimensional
(3D) data for the ZT8303DS and WT5603AS sofas and the LSJ-3_NK light
bulb from Karimoku Freebank, and obtained various tables and other sofas
from Digital-Architex. Figure 4 shows the positional relationship between



16 Inoue et al.

the participants, the product, and the robotic VR agent in VR space. In the
front view, the participant is located 0.5 m to the right of the center of the
product and the robotic VR agent is located 1.5 m to the right of the center
of the product. In the left view, the participant is located 1.5 m to the right
of the center of the product and the robotic VR agent is located 0.1 m to
the right of the center of the product. We use the same voice guidance for all
comparison conditions. Specifically, “Welcome! Today’s recommendation is
this two-seater sofa. Please take a look at it.”

Subjective Evaluation Method

In the hypothesis verification, we ask the participants the following questions.
Q1: Did you feel the robotic VR agent was human-like?
Q2: Did you feel the robotic VR agent had friendly qualities?
To prevent the participants from inferring the intention of the experiment,

we ask them the following dummy question.
Q̂1: Do you feel the appearance of the product is incongruous?
We create opposition question items corresponding to question items Q1

and Q2 and dummy item Q̂1, and present a total of six questions to the
participants. We use a four-point scale, where 1 is Strongly Disagree, 2 is
Disagree, 3 is Agree, and 4 is Strongly Agree. The value obtained is called the
subjective score. We present the question items to all participants in random
order for all stimuli. We reverse and record the opposition question items,
and do not record the dummy items.

Experimental Procedure for Subjective Evaluation

The experimental procedure is as follows:
P1: The participant puts on VR goggles.
P2: We explain the experimental scenario to the participant.
P3: We randomly select one stimulus from the six stimuli.
P4: We present a red sphere to the participant and the participant observes

the red sphere.
P5: The participant observes the selected stimulus for 10 seconds.
P6: The participant answers the six question items verbally.
P7: We repeat procedures P3 to P6 until all stimuli have been observed by

the participants.
The reason that we explain the experimental scenario in procedure P2 is

to immerse the participants in a pseudo-situation in which they have the
decision-making authority to purchase the product. Specifically, we explain
the following to the participants: “You work for a particular company. You
have come to purchase a two-seater sofa that your company plans to install
in its virtual space. You have the authority to make the purchase decision.”
In procedure P4, all participants are controlled so that they observe the same
location at the beginning of all stimulus introductions. We position the red
sphere so that it does not overlap with the robotic VR agent or the product.
In procedure P6, we do not present the robotic VR agent and the product to
the participants to avoid influencing the results of the subjective evaluation.
Instead, we place a whiteboard with questions in front of the participants
and present the question items individually in random order. The participants
read the question items silently and respond verbally. If the participants ask a
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question about what is contained in the question item, we provide an answer
verbally.

Figure 5: Experimental setting.

Experimental Conditions

Twelve participants (12males) participated in the experiment and the average
age was 22.6 years old.We used VIVE Pro Eye (HTC) to display the VR space
and mocopi (SONY) for motion capture. The mocopi motion capture system
performs 3D full-body tracking using six sensors attached to the human
body. To generate the voice guidance data, we used speech synthesis software
VOICEVOX: HARUNE.Ritsu. The participant sat at a desk in a comfortable
position. Figure 5 shows the participant’s position in the real space of the
experiment.

Table 2: Results of analysis of variance ( + : p < .1,*: p < .05,**: p < .01).

Question Variable Factor F-Value p-Value

Q1 Face Display 6.159 0.016 *
Clothing 12.419 0.000 **
Face

Display × Clothing
0.928 0.400

Q2 Face Display 3.567 0.063 +
Clothing 0.449 0.640
Face

Display × Clothing
0.851 0.432

Figure 6: Average subjective score for the human-like quality (Q1).
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EXPERIMENTAL RESULTS OF THE SUBJECTIVE ASSESSMENT

Results of the Verification of Hypothesis H1 on the Human-Like
Quality

We conducted subjective evaluations to verify hypothesis H1 and obtained
subjective scores assessed by the experimental participants. We performed
the Shapiro–Wilk test on the subjective scores rated by the participants and
could not assume normality. Therefore, we applied an aligned rank transform
(Wobbrock et al., 2011; Elkin et al., 2021) and performed an analysis of
variance on the face display and clothing conditions of the robotic VR agent.
The results are listed in Table 2(Q1). We found a main effect for face display
(F = 6.159,p < .016). Figure 6(a) shows the average subjective score for
each face display. The average subjective score was higher for the robotic VR
agent with an absent face than for one with a present face.

Figure 7: Average subjective score for friendly qualities (Q2).

Next, we also found a main effect for clothing (F = 12.419, p < .000).
Figure 6(b) shows the average subjective score for each type of clothing. The
type of clothing with the highest subjective score was male clothing, followed
by female clothing, and finally none. We performed a Wilcoxon signed
rank test as a multiple comparison, followed by Bonferroni’s correction.
The results showed a significant difference between no clothing and male
clothing (p < .000), and between female clothing and male clothing
(p < .000). Finally, there was no interaction between face display and
clothing (F = 0.928, p < .400).

These results suggest that participants perceived the robotic VR agent
as making a less human-like impression when the agent had a present
face compared with when it had an absent face. Additionally, participants
perceived the robotic VR agent as more human-like when it wore male
clothing than when it wore none, and there was no difference in the degree
to which participants perceived it as more human-like when it wore female
clothing and when it wore none. Therefore, hypothesis H1 holds when the
robotic VR agent wears male clothing.
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Results of the Verification of Hypothesis H2 on Friendly Qualities

We conducted subjective evaluations to verify hypothesis H2 using the same
procedure as in the previous section to perform a two-factor analysis of
variance. The results are listed in Table 2 (Q2). We did not find a main
effect for face display (F = 3.567,p < .063). Figure 7(a) shows the
average subjective score for each face display. The average subjective score
was slightly higher for the robotic VR agent with an absent face than for that
with a present face.

Next, we also did not find amain effect for clothing (F = 0.449, p < .640).
Figure 7(b) shows the average subjective score for each type of clothing. The
clothing with the highest subjective score was male clothing, followed by
none, and finally female clothing. Finally, there was no interaction between
face display and clothing (F = 0.851, p < .432).

These results suggest that displaying the face of the robotic VR agent may
reduce the impression of friendly qualities. The results also showed that the
VR robot agent wearing clothing had no significant effect on the impression
of friendly qualities that participants perceived. Therefore, hypothesis H2
does not hold.

DISCUSSION

In this section, we discuss the results of the subjective evaluation of face
display with reference to the content of a free verbal questionnaire given to
each participant after the experiment. Several participants commented that
when they were introduced to the product by the robotic VR agent with a
present face, they felt the agent was an alien (e.g., Martian). As a result, the
robotic agent’s present face may have appeared less human-like. Therefore,
we believe it is necessary to design the face of the VR robot agent so that it
does not resemble an alien.

Next, we discuss the results of the subjective evaluation of female clothing.
Participants’ comments about the robotic VR agents that wore female
clothing indicated that the agents did not feel particularly human-like in the
leg area compared with the clothing area. These comments suggest that the
non-human-likeness of the VR robot agent’s legs may have led to a decrease in
the human-like impression of the robotic VR agent that wore female clothing.
Therefore, we believe that when robotic VR agents wear long pants or long
skirts for females, they can give a more human-like impression, even when
they wear female clothing.

CONCLUSION

In this paper, we verified the hypothesis that the user’s impression of a robotic
VR agent introducing a product in VR space can be improved by adding the
appearance features of the CG-animated agent and investigated the effect
on the user’s impression evaluation. We added faces and clothing as the
appearance features of the CG-animated agent. The participants evaluated
their impressions of VR agents in terms of human-like and friendly qualities.
In the participants’ subjective evaluation, the results indicated that the
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addition of male clothing significantly improved the human-like impression
of the robotic VR agent. Conversely, the addition of face display did not result
in a statistically significant improvement. The friendly impression given by
robotic VR agents’ with a present face and clothing did not improve. These
results indicate that the type of clothing is an important factor in the design of
robotic VR agents with human-like qualities. The contribution of this paper
is to partially show the agent design for effective VR product introduction.

In the future, we should ask not only male but also female participants for
a subjective evaluation. We should also investigate what type of clothing can
achieve the effect of the human-like quality.
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